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TANK TESTS OF N. A. C. A. MODEL 40 SERIES OF HULLS FOR SMALL FLYING
BOATS AND AMPHIBIANS

By JOHNB. PAFLHIIWONand JOHNR. DAWSON

SUMMARY

The N. A. 0. A. model JO sm”es oj$ying-boat hull
models consists of,??forebodim and 3 afierboditxcombined
to prorndeseveralfom.s suitablefor u8e in mmzllmarine
aircrafi. Oneforebody is oj the &form with hollow
bow seciions and the other luu a bottom wrjace that is
completely developablefrom bow to step. The ajterbodies
include a short poinki afierbody m“th an exterwim.for
the tail surja.c+m,a long a~erbody timilur to thut of a
seaplanejloa# &d long enough to carr.vtlw tail surface+
and a third obtained byjitting a second step in the latter
ajterbody.

Tlwoariouscombinuiiim.swere te+x? in theA? A. C. A.
tank by the general &hod omr a WLitublerange of load-
ings. Iized-trim tests were made for all speeds likely
to be mwo?andfree-to-trim teatswere & at low speeds
to slightly bqond the hump speed. The characterhtia
oj the huh%& bat trim angltx huoebeen diwbxi?from tlw
chztaoj tlu tests dw trim angl.txand are* in the
form of nc=ndi~”onal coej$cients appltile to any
size Ojhull.

comparisons among theforms are shown by &uitable
~OS8p10t8 Oj th dimemimud d5ta and by plwio-
graphs oj the spray pattemw. Tha dijfmnwe betweenthe
reads obtaind with the two forebodti w small for
the smooth-water conditiow simwl.ated in the tank.
With the sameforebody in each c-me,the rtitanc.e of the
no-step ajterbody was lead & the hump speed and that
oj thepointed a$erbody was lemt a.ihigh speeik.

Take-oJ aumpltx of an 8)000-pound j?ying bo~ or
amphibiun having a power loading of 13.3 pourw%per
horsepmmr and a fi,000-pound j?ying boai hating a
power loading of 18.9 pounds per horsepowerare inclwded
to i?htrale the application of the d.ai!u.

INTRODUCTION

A “general” test of a given form of hull as made in
the N. A. C. A. tank provides data for all speeds,
loads, and trim angles for which the form is suitable.
These data may be used to compare the water char-
acteristicswith those of other forms and to estimate the

water performance of possible applications of the lines
over a considerable range of full-size dimensions.
The results of such teats on 11 forms have been pub-
lished to date by the Committee.

The models tested have, in general, the forms found
in a limited number of lmge flying boats. A need has
been expressed for general test data regarding forms
similar to those used on the smaller flying boats and
amphibians of 2,000 to 10,000 pounds gross weight.
The hulls of fly@ boats in this class appear to have
higher length-beam ratios and higher beam loadings
(CAvalues) than are usual for the hulls of the larger
craft thus far investigated. The amphibians also
have higher angles of afterbody keel. Because the
hulls are relatively narrow, a moderate angle of dead
rise gives satisfactmy shock-absorbing qualities and,
because they are heavily loaded for their size, some
means of suppressing spray such as hollow sections or
spray strips is particularly desirable.

Simplicity of form seems to be a conspicuous feature
of the designs in thk class. Excessive flaring of the
forebody sections requiring extensive forming of the
plating is avoided; likewise, a simple form of afterbody
is usually adopted. Because of the low power load-
ings geherally employed, the compromises made among
water and 3ight characteristics favor those of flight.
These smaller craft are less seaworthy than we large
flying boats but usually operak in inland waters,
which do not demand the degree of seaworthiness
necemary in the open sea.

The N. A. C. A. model 40 seri~ of flying-boat hulls
was designed with the foregoing considerations in
mind. It includes 2 forebodes and 3 afterbodies in
various combinations that are of interest to the de@gn-
ers of small marine aircraft. General tests of 5 of the
6 possible combinations were made in the N. A. C. A.
tank during 1934. From the results of the tests, the
water performance of full-size hulls having their lines
may be eatimatad and the effect of chang= in form
within the limits covered by the series may be deter-
mined.

77



78 REIPORT NO. 543 NATIONAIJ ADVISORY COMMM’I’EE FOR AERONAIJTZCS

DESCRIPTION OF MODELS

General.-The lines developed for the series are
shown in iigures 1 and 2. The faired offsek for the
models are given in tables I to IV. The following
particulars apply to all the variations:
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The V bottom cross section with the spray strip
added at the chine was considered to be the most eco-
nomical arrangement for this class of hull. In the
tank, the water breaks cleanly horn the edge of the
strip before the hump speed is reached; hence this
edge, rather than the chine, is considered to be the
boundary of the bottom. It is suggested that in full-
eize applicatiom~the strip be extended to the bow.

Forebodies.-The length of the forebody was made
as short M was thought to be practicable for the load-
ings intended in order to keep the structure forward
of the portion of the hull that is used for passengers or
cargo as light as possible. l?orwmd of the step the
planing bottom is longitudinally straight for good plan-
ing characteristics while fmther forward the bottom

X titer of momenfs for fixed-frimruns
Z Pivofpoint for free-to-trimrw-ts

Holf-breodth

k
Forebody A 100” ‘i

F.P. Profile
Afterbody C

PIQUEEI.–LIJM of fomimdy A and afterbody C.

rises sharply toward the bow. The bow sections of
forebody A are slightly flared in the usual manner as
an aid in meeting oncoming waves. The plan form of
its chine is rounded at the bow to facilitate rounding
the deck above it when desirable from aerodynamic
considerations.

Forebody B was developed to be used where extreme
simplicity of form is desirable. The bottom surfnce
forward of the flnt planing bottom is generated by n
straight line moving parallel to itself with the chine ,as
a directrix. The bottom surface is therefore that of u
cylinder which may be unrolled into a flat sheet and
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PIQUEEZ—Lln= of fombody B, afterbody D, and oftabcdy E.

the entire surface of the hull is developable, no form-
ing of the plating or planking being necessary in its
construction. The slanting of the generating element
in space as shown in figure 2 causes the iingle of dead
rise to increase toward the bow like that of the usual
forms. & a result of this method of detenn.iniog the
surface, the conventional stations and wrdar linca
become slightly convex; hence, for practical npplicw
tions, the use of a spray strip would be particularly
desirable.

For the completely developable surface of forebody
B, the plan form at the bow cannot be rounded but
must be pointed so that the generating element will
remain within the surface from keel to chine. Aft of
station 6, forebodiea A and B are identical.

Mterbodies.-Afterbody (J is pointed in plan form
and terminates in a narrow stern post. The extension
of the hull, which carries the tail surfaces of the flying
boat, is above the portion that is active during the
take-off or immersed while at rest. The resulting form
is an adaptation of tlm original NC type of afterbody,
which has been favored by American designers. It is
believed tlmt the “cove” may be filleted with smnll
effect on the water performwce.

The a@ of afterbody keel is mado I&her than that
used on most large flying boats having this form of
afterbody in order to provide a greater ground clear-
mce for amphibians and to reduce high-speed
resistance.

Afterbodies D and E provide second-step nnd no-
3teparrangements that are probably more economical
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to construct than is. a pointed type like afterbody C.
The no-step afterbody is like that of a seaplane float
and is much used in Europe for small craft. In some
cases a second step is added to aid in controlling the
trim angle at the hump speed or h provide additional
lift while the afterbody is immersed. In afterbody D
the portion ahead of the second step is curved down to
give a higher effective trim angle for this portion of the
bottom.

Combinations.-The forebodies and afterbodies were
grouped for the tests as followcs:

Model 40-AC: Normal forebody, pointed afterbody.
Model 40-AD: Normal forebody, second-step after-

body.
Model 40-AE: Normal forebody, no-step afterbody.
Model 40-BC: Developable forebody, pointed after-

body.
Model 40-BE: Developable forebody, no-step after-

body.
Tests of these combinations make it possible to com-

pare the performances obtained when using the normal
forebody with the three types of afi%rbody and when
using the developable forebody with the pointed and
no-step afterbodies. It was not considered necessary
to teat tbe developable forebody with the second-step
afterbody as the characteristics of this combination
may be inferred from the foregoing comparisons.

CONSTRUCTION

The various forebodes and aftarbodies were con-
structed separately of mahogany to a tokance of
+0.02 inch and were bolted together at the step ta
form the combinations desired. In accordance w@
the usual practice at the N. A. C. A. tank, the surfaces
were smoothly finished and given several coata of
gray-pigmented varnish.

The spray strips were made of brass sheet 0.035 inch
thick and 0.25 inch wide and were attached at the
chines with wood screws through tabs formed on the
strips at intervals. Unavoidable spaces between the
imer edge of the strips and the model were fled with
plaaticine.

APPARATUS AND PROCEDURE

The N. A. C. A. tank and its testing appaxatus are
described in reference 1. The method of towing the
model described therein introduced systematic errors
because of the use of a “towing gate.” The towing
gate has been replaced by a counterbalanced girder as
described in reference 2, and these errors are now
eliminated. In the present towing gear the trimmhg
moments are measured by a very stiff spring rigidly
attached to the model. Water moments applied to the
model cause the spring to deflect and the model to
rotata slightly, but the deflections of the spring are so
small that the change of trim angle due to the rotation
of the model is within the limits of the accuracy to

which the trim angle is set. The deflections of this
qning are measured by a dial gage. The center of
moments was arbitrarily placed at the point shown in
Egures1 and 2.

The tests were made by the general method which
?onsists of measuring resistance, trimmm“ g moment,
md draft at a fixed trim angle for a number of loads
throughout the speed range considered practicable.
The trim angle is then changed and the procedure
repeated until a sutlicient number of trim angles are
obtained to determine the trim angle that gives least
resistance at each load and speed. The loads taken
are expected to cover the useful range for the models
tested.

At the lowest speeds the curves of resistance plotted
against him angle failed b show a minimum resistance
within the range of him angles at which it was possible
to test these models. Instead, the resistance con-
tinued to decrease as the trim angle was increased. At
Bpeedsbelow the hump speed the resistance is generally
of only minor intareat in the take-off problem and it
makea little difference whether minimum resistance is
obtained or not. Since it is generally considered that
in the average flying boat only a small amount of
longitudinal control is available at low speeds, there is
some justification for using frtw-to-trim (zero trimm@-
moment) resistance up to the hump when the values
of the aerodynamic moments are unlmown. Results
from the general tests of these models ahowed, how-
ever, that, with the centar of moments used in the
twts, the free-to-trim resistance at very low speeds
would be a great deal higher than the resistance
encountered at the speed corresponding to the usual
free-to-trim hump and would be even greater than the
minimum hump resistance corresponding to best angle.
Moving the center of gravi~ back toward the step
would, of course, allow the model to trim at greater
angles and thus reduce the free-to-trim resistance at
low speeds.

Although the free-to-trim curves for any position of
the center of gravity that does not produce trim angles
outside the range of those tested may be determined
from the general test data, it was decided to test all
five models free to trim, up to and including the hump,
with the center of gravity 4 inches forward of the step.
These tests presented an opportnni~ to obserwe the
free-to-trim performance of the models as well aa to
check the accuracy of zero trimming-moment cnrvw
obtained from the general teat reauh.

RESULTS

GENERALT~T DATA

The data obtained horn the tests of the five combi-
nations axe plotted against speed in figures 3 to 32.
The plotted resistance is the water resistance plus the
air drag of the model and was obtained by deducting
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the air drag of the towing gear horn the values weighed
by the dynamometer. The trimmhg moment% are
referred to the center of moments shown in figures 1

‘ and 2, which is 8 inches forward of the step. Positive
moments tend to raise the bow. The drafts are the
distances from the free-water surface to the keel at the
main step. The main step is a convenient point of
reference altho~ch the afterbody is deeper in the
water at high angles of trim.

The exact conversion of trimming moment9 to the
actual centar of gravity used in a given design is
laborious. The correction for a shift of the center of
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moments parallel to the base line for these hulls is
given with snflk.ient accuracy, however, by the exprw-
sion AX where A is the load on the water in pounds
and X is the distance of the center of gravity aft of
the center of moments in feet. At low speeds this
simplification depends on the fact that the remdtant-
force vector is nearly equal in magnitude to its load
component and the direction of the resultant force is
nearly perpendicular to the base line at usual trim
hngles; at high speeds, although the remdtan&force
vector no longer has thwe properties, the absolute
error introduced is small and may be neglected. The
corrections for shift in the center of momenta perpen-
dicular to the base line will be small in the range of
center+f-gravity positions usually encountered.

STATIC PROPERTIES

The trimming moments and drafts obtained with
the models at rest in the tank are given in figures
33 to 37. The moments arereferred to the same center
of moments as that used in the tied-trim tests, which
iS ]Ocated 8 inches forward of the step. The drafts
are measured from the free-water surface to the keel
at the main step. The position of the load water line
and the longitudinal stability at rest for a given appli-
cation may be deduced from these curves without
performing the extensive calculations necess~ to
obtain this information from the lines.

speed flp.s.
fiGURE S.-Model4Q-AO. Reslstancatrimming mommti and Wt. rmll”.

The center of gravity of most seaplanes will be aft
of the center of moments to which the trimming
moments at rest are referred. Where the diilerence
in height is small, the trimming-moment correction is
approximately &X, where 4 is the displacement and
X is the distance of the center. of gravity aft of the
center of moments parallel to the model base line.
Using this correction for an abscissa shift on the trim-
ming-moment curves, the trim angle at rest for each
load parameter may be read directly. A cross plot
of these trim angles against load will enable the trim
at the designed load to be determined. The draft
at this trim being read from the draft curves, the water
line for the assumed conditions may be drawn on the
hull profla
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speed fp.s.

FIGUB~9.—Mmfel 40-AD. Rfsfstanw, trimmfng momenk and dmft. r-!P.
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B=T-ANGLE DATA

The characteristics of the hulls as given in the
curves of figures 3 to 32 are for three independent
varkblea-speed, load, and trim angle. As it is de&-
able for a hull to remain near its best angle of trim and
there is, in general, one angle for minimum rmist~ce
at each speed and load, it has been found desirable to
derive the hull characteristics at best trim angle
throughout the speed range. The trim-angle vti-

able is thus eliminated and the optimum performance
of the hull is determined.

The procedure consists of plotting the resistance and
trimming moment for each load parameter against

Speed Kp.s.

FIIJURE13.—Model40-AD. Resktan@ trlmmhg momen& end draft. ,.9”.

trim angle at a series of speeds. From these cross
plots the minimum resistance, the best trim angle,
and the trimming moment existing at that angle are
determined for each load and speed. The data found
are then converted to nondimensional coefficients,
based on Froude’s law of comparison and using the
maximum beam over the spray strips as the charac-
teristic dimension, The coefficients are defined as
follows:

Speed coefficient, Cr=—
;

Load coefficient, oh =W-$

Resistance coe5cient, C~=&

. .
!hnuning-moment coefficient, Cu=~

where . .

V is speed, f. p. s.
A, load on the water, lb.
R, water resistance plus air drag of hull, lb.
M,t. . g moment, lb.-ft.
6, beam over spray strips, ft.
g, acceleration of gravity, 32.2 ft. per sec.z
w, specific weight of water, lb. per cu. ft.

Nom: w IVaa63.5 lb. per cu. ft. during the te& and is
usually taken M 64 lb. per OU.ft. for sea water.

The results of the best+mgle analysis are given as
CUJWCS of CBagainst Cv in figuree 38 to 42, CRcgainst

Ch in figures 43 to 47, best trim angle~rO~fit CV
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FIGURE14.—M0dI3l40-AD. R-q tklnmingmomen~ and dm& ~-11”.

in @urea 4S to 52, and CMa@nst CT in figures 53 to
57. The application of these curves in the determina-
tion of the take-off characteristics of a smplane using
the hull to which they refer is described in detail in
reference 3.

FREE-TO-TRIM DATA

For speed coefliciente below 2.0, the resistance con-
tinues to decrense with increase in trim angle, the best
angles being above any practical range. As soon as the
best angle is determinate, the trimming moments
existing are found to have ‘a high negative value but
to decrease rapidly with speed until they become
positive at the hump speed. The performmce at low
speeds is then beet investigated by assurnhg the hull
to be free to trim, aspreviously explained, or to be under
the influence of the nearly constant thrust moment.
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FImEE16.-MoM 4-AR. Resbtmmq iaimmlng momm& and draft. T=P.
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The resistance coefficient at zero moment and the
angle for zero moment referred to a center of moments
4 inches ahead of the step on the model are plotted
-t speed in figges 58 to 67. Although these
values were obtained from the free-to-trim tests in the
tank, the values deduced from the data for the fixed-
trim runs were found to check them closely. The
characteristics at zero t “ “ g moment or at an
assumed thrust moment may be deduced for other

Sped, Ep.s.

RQTJEE19.—M0dal40-AX. ~ himming momenb and drak T-W.

positions of the center of gravi~ horn suitable cross
plots of figgres 3 to 32.

DISCUSSION OF RESULTS

B=T-ANGLE DATA

Comp@ons of the characteristics of the hull forms
may be made by cross-plotting the values of figures 38
to 57 against load coefficient at representative speed
coefficients. Suitable cross curves for comparisons
among the hulls are shown in figures 68, 69, and 71.
The spray patterns may be compomd by means,of the
photoe-phs of figures 70 and 72.

Effeot of form of forebody.—From figures 68 and 69
it is seen that the differences between the character-
istics of the normal and developable forebodes are
small for the smooth-water and fixed-trim conditions
reproduced in the tank tests. The load-resistance
ratios A/R for the developable form are s~ohtly l@her
at the hump of the CR curves and slightly lower at

~~h planing speeds. When the developable fombody
is used with the pointed afterbody, the maximum
positive trimming-moment coefficient is slightly lower
and the values at 0V=7.0 are larger in the negative
direction. With the no-step nfterbody, the maxi-
mum positive CMis sli+ghtlylower at heavy loads and
greater at light loads, whereas the high speed Ox
values closely correspond. The ditTerencesin the best
an@e of trim are within the accuracy of determination.

IwMg’-+fo
2 ~6Q
.!s I I I I

, Iii”iliiiilo 4 8 IZ /6 20 24 28 32 36
Speed Kp.s.

~IOUEE!aI.-Mcdel 40-AE. R~@ tMmmhg moman~ and draft, ~- 11°,

Fiige 70 shows the height and volume of spray
throw-nfrom the two types of forebodes to be practi-
cally identical for smooth-water operation. The watm
line does not extend far enough forward, however, to
judge the action of the bow in rough water in the con-
ditions shown. Apparently, the desirability of using
the form of developable surface found on forebody B
depends on its cleann- of running and the effect of
the convex bow sections on resistance when driving
through waves. An experimental determination of
such qualities in the tank is difficult to carry out at
the present time and is at best only rm appro.xinmtion
of actual sea conditions.

13fiectof form of afterbody.-The characteristics of
the models consisting of the normal forebody and the
various afterbodies are compared in figures 71 and 72.
The A/R values with the pointed afterbody are lowest
at the hump in the CR curves and gemmally slightly
higher at I@h plan@g speeds. With the no-ste~
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afterbody the A/R values at the hump are slightly
superior to those with the second-step afterbody; at
medium planing speeds, inferior; and at high planing
speeds, practically equal. The second-step afterbody
gives the highest positive CM and the no-sbp after-
body gives the lowest. There is little choice in trim-
ming-moment characteristics at high speeds. The
most favorable trim with the second-step afterbody
is slightly lower nw the hump speed. At high
speeds, the best trim angle with all the afterbodies
is practically the same.

The superiority of the performance with the second-
step cmd no-step afterbodies at the best trim hump is
attributed to the larger planing area provided by them
when immemed at low speeds. The slight improve-

0 4 8 12 16 20 24 28 32 .36
*eed fp.s.

FIGUEE25.-MIxM 40-BO. IklNauci% trimmhg mommb and draft. r“9°.

ment given by the pointed afterbody at high speeds
ia probably because of the smaller area offered to the
water coming from the forebody because the lift is
produced chiefly by the main planing bottom forward
of the step. From considerations of high-speed resisk
nnce, it appears desirable to carry the load on the
forebody of a hull because the aftwbody is operating
in its wake and contributes a greater share of frictional
resistance in proportion to the load it carriea.

The photographs of figure 72 show the blisters com-
ing from the forebody and also make it possible to get
an ideti of the action of the afterbody. The similarity
of the secondary blisters coming from the after part

BOATS AND AMP~IANS Y1

of the model to those from the forebody indicates that
at these speeds the aftarbodks produce lift with the
exception of the pointed afterbody, which seems to be
clear at 19.7 feet per second. In general, the various
models are fairly clean considering the heavy loads
carried in proportion to their size.

FRER-TO-TRIM DATA

Figures 58 to 67 show the perfonmmce of the hulls
at zero thimming moment around a center-of-gravity
position 4 inches ahead of the step on the model. At
low speeds and heavy loads some of the forms, par-
ticularly 40-BE, tend to remain below the best trim
to such an extent that the resulting resistance peak is
higher than what may be cslled the “real hump” cor-

20 ,Ibo

/

16 / - “ “60
.. xl I

Speed Lp.s.

FIQUEE 28.-Mm3d 40-BO.Re$Mam+trlnmlw momenb and draft. .=ll”.

responding to the maximum resistance at best trim
angle. The negative thrust momant that usually
exists would aggravate this condition. At speed co-
efficients corresponding to the resl hump, however,
the trim at zero moment is higher than the best him so
that the thrust moment would tend to lower the resist-
ance. Any control moment available from the elevatom
in the slipstream at these low speeds can, of course,
be used to favor the take-off. The performance before
the hulls attain plan@ speeds is therefore dependent
on the position of the center of gravity, the magnitude of
the thrust moment, and the amount of control that the
pilot can bring into play to maintain the best trim angle.
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TAKE-OFF EXAMPL~

The application of the data obtained from these
models is illustrated by the following examples:

Example 1.—A hypothetical flying boat or amphib-
ian suitable for mrgo or passenger semiee ia repre-
sented by the following assumed data:
Gm~loti, lb----------------------------------- 8,000
Wing area, 6q. H--------------------------------- 550
HoNpow~------------------------------------- 600
Effeotive aspect ratio inoluding ground elTect-------- 10
Paraaite-dmg coefficient exoluding hub-------------- 0.03
Airfoil lotion ----------------------------------- Clark Y

Model 40-BC is selected aa the hull and a maximum

beam of 5.2 feet is used. Thjs beam will give a moder-

atiy high beam loading at the hump (0..= about 0.75)

where about 85 pereent of the gross weight wiIl be on

the water. The best angle of wing setting is found by

Speed fp.s

,
ably mora excess thrust at the hump than at the second
critical point near get-away. A somewhat smallerhull
should then give w little better take-off performance,
The take-off time and distance are determined from
the I/a and V/a curve-s,respectively, both of which are
plotted in figure 73 (b). The time k found to be 24.2
seconds and the length of run 1,480 feet.

The trim-angle curve for tbie trike-off is plotted in
figure 74 (a) and the Itrimmingmoments to obtain these
trim anglesareplotted in figure 74 (b). This trimming-
momentiurve wae obtained from figure 56 and was cor-
rected for the difference between the center of gravity
chosen and the center of moments used in the fixed-trim
tern%. If the center of gravity chosen hod been other
than that used for the free-to-trim tests it would have
been neceesary to compute the free-to-trim resistance
from the test results given in figures 21 to 26.

a I I 1 I I 1 1 I I 1 I I I 1 I 1 I

o 4 (g /2 /6 20 24 28 32 36
sped, fp.s.

FIomm 3L—Model 40-BE. Rwlslan@ Mmmfw mommh fmd dmfk T-W. FIGWEIS32-MMM 40-BE. RmIsbuIq trlmmlng moman~ and draft. r= 11”.

the method of reference 3 to be about 5°. The center
of gravity of the complete boat is taken to be the same
as that used in the 13w+ta-trim tests on these models
and it is arbkmi.ly assumed that the craft will run free
to trim to a speed coeilicient of 2.4 and at best trim
angle at higher speeds. The water resistance plus air
drag (R+D) is computid by the method of reference 3
W@? the free-to-trim cuiwes up to CV=2.4. The
rcmhant curve is plotted in figure 73 tmgetherwith
the thrust obtained from the curves of referenm 4.
From @is figure it may be seen that there is consider-

ingpractice, if the free-to-trim calculations indicate
that there is a reasonable amount of excess thrust at
low speeds, the free-to-trim resistance may be used
in the calculations for take-off time and distance with-
out appreciable error. If, however, it CLppearsdesir-
able and the design is su.fiiciently advanced to deter-
mine the aerodynamic moments, the minimum resist-
ance obtainable may be calculated from the test data,

Example 2.—A hypothetical small low-powered fly-
ing boat will be considered. This craft is presumably
to be built at a reasonable cost without a great number
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of refinements. The parasite drag is purposely as-
sumed to be quite high. The following data are as-
sumed:
Gmmloti,lb ----------------------------------- 2,000
Wingq Sq. ft-------------------------------- 200
Homeponr;------------------------------------ 110
Effeotive aspeot ratio inoluding ground elTeot-------- 10
Parasite-&ag coefficient excluding hull------------- 0.05
Airfofl swtion ----------------------------------- Clark Y

beskangle total resistance at the hump. If sufficient
controll@ moment to increase the trim angles is
available at low speeds, the low-speed resistance can
be reduced. Examination of the I/a and V/a curves
shows, however, that this early resistance peak in-

creases the take-off time less than 1 second and that

the effect on the take-off distance is almost negligible.

In fact, the excess thrust is found to be smallest ot the

13.4f. P. s.; r-?; A=40 It). 14.0L p. q r=~; A-40 lb.

13J3L p. s.; r-~ A=~ lb. i4.SL P. m; r-m A=&l lb.
Mufel 40AE, nmmaf forebcds. Model 40BE, devefo~ble forebody.

FIGURE 70.—Effmt of developable fOIWbOdYmrfa.caon -y @&’n. No-otaP aftmbody.

Model 40-BE is chosen for the hull and a maximum
beam of 3.15 feet is used to give the maximum hull
loading that can be used without extrapolating some of
the curves. The angle of wing setting used is 4°.
Again, the center of gravity is conveniently taken to
be the same= tb.atused in the free-to-trim tests of the
hull.

Thrust, R+D, l/a, and V/a are plotted in figure 75.
Trim angle md himming mommt me plotted in figure
76. The take-off time and distance are computed
using the free-to-trim resistance curve to the point
where it meets the besi%ngle resistance curve. The
take-off time is 23.7 seconds and the length of run
1,300 feet.

It is seen that the free-to-trim total resistance
(R+D) at low speeds is considerably greater than the

critkd point near ge~away. It would seem from this
fact that a smaller hull would give a substantial im-
provement in water performance but the loading used
here appears to be very close to the practicnl limit.
Any further increase of the load coe5cient would prob-
ably result in too much spray at low speeds. Some
improvement could be obtained by a higher wing set-
ting as the high-speed hump occurs very near the
stalling speed, but the improvement in take-off per-
formance would probably be gained at the cost of a
poorer flying attitude. Furthermore, if the angle of
wing setting is increased too much, the problem may
be complicated by the stalling of the wing at the high
trim angles required nwr the hump.

If the himming moment required to obtnin beat
him angle at the hump (fig. 76(b)) is found to bo
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excessive, rm nngle somewhere between the best angle
and the zero trhming-moment angle can probably be
obtnined that will increase the hump only slightly, as
indicated by the comparatively small difhence be-
tween the minimum R+-D and the free-to-trim R-I-D
at a speed of 38 feet per second (fig. 75(a)). In fact,

nngle at the hump if the new center-of-gravity posi-
tion does not produce undesirable stabili@ charac-

teristic.
CONCLUDING REMARKS

The selection of the best of these hulls for a given

desigg will probably be governed by considerations

14.6f.p. k; .=7% AdO lb. 13.9f. p.%: r=~ A=40 lb. 13.4f.p.& rEfi A=40 lb.

19.7f. p. s.; r-? A-SO lb. 19.6L p. s.; r-~; A-SO It). l&4 L p. &; ,-7% A+!) lb.

Model 40A0, PJint&3atibody. Model 40AD, caxmdutep afkcbrrdy. hbdel 40AE, n-p afterbody.

FIGIJEE72-Effti of afterbody form on spray Mttern. Normal fombody.

the critical peak of the free-to-trim resistance curve
can be eliminated by moving the center of gravity

su5ciently far aft and rmxpting the accompanying

higher trimming moment required to obtain best 6

other than the water-resistance characteristics because
of the comparatively small d.ifkrences in the resistance
curves of the five models. Model 40-BE offen least
resistance at the hump and model 40-AC the least at
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high speeds but, in general, the differences are not
diiciently great to be a determining factor.

The developable forebody apparently offem a satis-
factory solution for the problem of simplified construc-
tion without an accompanying sacrifice in performmwe.
In the smooth water of the tank there was little choice
between the two forebodi- in regard to the spray.
In rough water the developable forebody would proba-
bly have slightly poorer spray characteristics than the
other forebody.

It is suggested that the spray strips be continued
forward until they meet at the bow.

It appears from the take-off examples that the mar-
-gin of excess thrust is likely to be less near gehaway
speed than it is at the hump. Exceptions to this
&atement may be found when controllable propellers

5 50

-4 4U
2.’
\w.,

36Q1a

FIGmri 75.-Curvm fordakmbfrq take-off time and rmr for the
2/X@~d ~Pk

It should be possible to use even greater angles
of afterbody keel than were used in the present case
without greatly increasing take-off time or run. In
fact, there may be an appreciable improvement if the
high-speed resistance is critical. (See reference 6,)

LANGLEY ME~ORIAL AERONAUTICAL LABORATORY,
NATIONAL ADVISORY COUmEE FOR AERONAUTICS,
LXNGLEY FIELD,VA.,Jum 19,1986.
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